Introduction 16
The recognition of an extensive deep biosphere on Earth, and the advantages of subsurface niches target, as they may once have been sites of elevated heat flow (driving the circulation and surface-21 expression of liquid water) and nutrient accumulation, enhancing habitability (e.g. Arp 1995) . 22 Sulphate minerals have been detected in numerous crater-hosted sediments thought to be 23 groundwater-fed palaeolake deposits, where they have been interpreted as evaporites (sulphate 24 also fills diagenetic veins on Mars; Ehlmann & Edwards 2014 and references therein). The 25 importance of lacustrine deposits on Mars has recently been emphasized by discoveries in Gale 26
Crater by the Curiosity Rover (Grotzinger et al. 2014, 2015) , that also include a sulphate-rich 27 lacustrine mudstone unit. The mudstone contains traces of organic matter (Ming et al. 2014 ) and a 28 cross-cutting sediment injection structure (Grotzinger et al. 2014) . 29
Lacustrine deposits on Earth are natural archives of life in and around lakes (e.g. Buatois & Mángano 30 1998, Schnurrenberger et al. 2003) , preserved as abundant sedimentary organic matter and 31 common carbonaceous fossils. Microfossils are commonly reported within lacustrine sediments 32 including evaporitic sulphates (Schopf et al. 2012 ). This study sought to investigate whether 33 lacustrine basins can additionally record the presence of the deep biosphere, i.e., microbial 34 populations that develop within the sediments after burial, which might produce geochemical traces 35 in several settings (Fig. 1) . Bacterial sulphate reduction (BSR) is known to be a widespread metabolic 36 process in the subsurface (McMahon & Parnell 2014) , where along with other microbial activity it is 37 responsible for mineralogical alteration and neoformation (diagenesis) and is a common source of 38 sulphide minerals (e.g. Cavalazzi et al. 2014 ). The iron sulphide pyrite occurs widely in shales in 39 particular, where a supply of organic matter fuels microbial activity and biomass growth (Raiswell & 40 Berner 1986 (Parnell & Janaway 1990 ) and alkaline lake cherts (Parnell 1987) , there is extensive evidence for the 155 precipitation of sulphides in the shallow subsurface environment of the Orcadian lake basin. 156
Thermochemical sulphate reduction, a non-biological mechanism, is effective at elevated 157 temperatures from 80-100 °C upwards, but does not generate strong negative isotopic fractionation 158 (Machel et al. 1995) . 159
In the case of sulphides which formed after sedimentation was complete, i.e. those of post-Devonian 160 age, sulphur could have been available from younger sources, in particular Carboniferous seawater. 161 However, the post-Devonian history is more characterized by deep oxidative weathering (Robinson 162 1985) . The close association of the late sulphide veins with the lacustrine siltstones rather implies 163 that the sulphide and host carbonate were derived from within the siltstone rather than by 164 downwards percolation through a thick pile of sediments. 165
The 'stratabound' group of sulphide samples yield data very similar to the parent sulphate. The 166 similarity is not diagnostic of a specific mechanism of sulphate reduction. It is likely that these 167 sulphides were a product of microbial sulphate reduction, given the low temperatures typical of 168 early diagenesis, but this is not conclusively proven by the isotope data. The vein sulphide samples, 169 by contrast, exhibit a fractionation to a broad range of lighter (more negative) compositions. The 170 lightest sample, at -26.7 ‰ has a fractionation of -45 ‰ from the parent sulphate. The broad range 171 and the maximum fractionation are both characteristic features of microbial sulphate reduction 172 (Machel 2001 were also a product of microbial sulphate reduction, given the low temperatures typical of early 178 diagenesis, but that is not conclusively proven by the isotope data. The Orcadian injected sandstone structures (Fig. 3c) 
